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Abstract. Hemispatial neglect refers to the defective ability of patients to explore or act upon the side of space contralateral to
the lesion and to attend to stimuli presented in that portion of space. Evidence from animal models suggests that many of the
behavioural sequelae associated with visual neglect may result not solely from the size of the lesion, but also from a pathological
state of increased inhibition exerted on the damaged hemisphere by the contralesional hemisphere. On the basis of these potential
mechanisms underlying neglect, in this review we discuss therapeutic approaches, focusing particularly on recent research using
transcranial magnetic stimulation (TMS). This technique, besides representing an ideal tool to investigate visuo-spatial attentive
mechanisms in humans, has shown promising beneficial effects that might have an impact on clinical practice.
1. Introduction
Hemispatial neglect refers to the defective ability
of patients to explore or act upon the side of space
contralateral to the lesion and to attend to stimuli pre-
sented in that portion of space.Since its discovery as
a neurologic deficit, spatial unilateral neglect has been
regarded as a symptom with a remarkable localizing
value, which indicates a lesion of the parietal lobe [1,
9,12,20]. The clinical evidence, further supported in
non-invasive radiologic technique studies, converges
on the supramarginal gyrus of the right inferior parietal
lobule as a critical brain region involved in every case
of neglect [28,49,63,64]. The lesion pattern shows that
spatial unilateral neglect is associated with damage to
a set of higher-order association areas. Although the
precise pathologic mechanisms underlying the mani-
fold manifestations of the neglect syndrome are as yet
unknown, there is consensus on the opinion that spa-
tial unilateral neglect can be considered a higher-order
cognitive deficit, affecting spatial representation and
multiple components of spatially directed attention.
In this review, we first consider some of the potential
mechanisms underlying neglect. We then discuss ther-
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apeutic approaches to improve neglect, focusing par-
ticularly on recent research using transcranial magnetic
stimulation (TMS), which has shown promising bene-




Lesions of the right hemisphere are far more likely to
lead to severe and enduring neglect than left hemisphere
damage [18,24]. The hemispheric asymmetry of spatial
unilateral neglect may be explained by the assumption
that the right cerebral hemisphere possesses a largely
bilateral representation of space and may readily direct
spatial attention towards either side of space, although
with a contralateral bias, or more effective processing
ability. The left hemisphere, by contrast, is mainly
concerned with the contralateral right side of space,
with a minor representation of the ipsilateral side [4,
37].
Most studies on spatial attention mechanisms in man,
evidencing this hemispheric difference, are based on
the performance of unilaterally brain-damaged patients
on a variety of tasks used to assess neglect [4,13,39].Al-
though right-sided neglect associated with left-brain
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Fig. 1. MRI scan of Patient 1: T1-weighted sagittal images produced with 0.5T Vectra unit (General Electric, Paris, France). The line beneath
the capsule and tangential to the skull indicates the positioning of the coil over the site of stimulation (P6). Reprinted from Neurology. 2001;
57:1338–1340 by Oliveri et al. with permission from Lippincott William & Wilkins.
damage is less frequent and severe, it is behaviourally
similar to left-sided deficit. The leftward bias shown
by normal subjects on horizontal line bisection (or
judgements concerning the relative length of the two
segments of a prebisected horizontal line) known as
pseudoneglect [36] increases in the infrequent instances
of right neglect following left hemisphere damage. It
dramatically reverses in the much more frequent in-
stances of left neglect following right hemisphere dam-
age.
2.2. Competing connections
Evidence from animal models suggests that many of
the behavioural sequelae associated with visual neglect
may result not solely from the size of the lesion, but
also from a pathological state of increased inhibition
exerted on the damaged hemisphere by the contrale-
sional hemisphere [29,33,53,59]. In 1966 Sprague [59]
first described the effect that now bears his name: ne-
glect induced by a cortical lesion can be cancelled by
a contralateral lesion of the midbrain superior collicu-
lus.This phenomenon is broadly consistent with the
Kinsbourne’s theory [25], according to which transcal-
losal inhibitory networks in humans potentiate rival
mechanisms in neural circuits in the two hemispheres to
permit visuospatial redirection of attention to emerge.
A characteristic of competing circuits is the mutual
inhibition exercised by the circuitry of the two sides
of the brain. At rest, the excitatory and function-
ally inhibitory circuits in the two hemispheres are in
a state of dynamic balanced activation. By virtue of
visual stimulation that determines a prevalent activa-
tion of one hemisphere, the equilibrium is easily dis-
turbed to induce a left-right asymmetry in brain activa-
tion patterns, i.e., when a behaviourally relevant stim-
ulus is introduced in the right or the left visual hemi-
field, activity increases in the contralateral primary and
visuoparietal (VP) cortices.Following this activation,
transcallosally-transmitted signals from the stimulated
hemisphere suppress activity in specific neuronal pop-
ulations in the contralateral hemisphere. This suppres-
sion of activity, in turn, releases the stimulated hemi-
sphere from inhibition. After multiple iterations of
this sequence, activity is amplified in the stimulated
hemisphere, while it is suppressed in the contralateral
side [48].
2.3. Experimental models
Animal models have allowed the systematic study
of neglect as well as the phenomenon of its paradoxi-
cal reversal [29,31,35,58]. Neglect induced by unilat-
eral cooling deactivation of either VP cortex or supe-
rior colliculus is instantaneously reversed by additional
cooling deactivation of the homologous region on the
opposite side of the brain [29,31,32]. Neglect induced
by a VP lesion spontaneously attenuates over a period
of days, but before compensation emerges, the com-
plete neglect induced by a VP-lesion can be reversed by
additional cooling of the contralateral VP cortex [46].
However, the second VP deactivation must spatially
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Fig. 2. Visual stimuli presented to subjects. For each stimulus, subjects made a forced choice decision of “Equal”, “Longer right”, Longer left”
line 1 (exactly bisected): right segment.75 mm; left segment.75 mm; line 2 (left elongated): right segment 70 mm; left segment.75 mm; line 3
(left elongated): right segment.75 mm; left segment.80 mm; line 4 (right elongated): right segment.75 mm; left segment.70 mm; line 5 (right
elongated): right segment.80 mm, left segment.75 mm. The performance of the subject on each trial was scored as follows: 0 = correct response;
+1 = right segment of line 1 judged longer, or left and right segments of lines 2 and 3 judged equal (rightward bias); − 1 = left segment of
line 1 judged longer, or left and right segments of lines 4 and 5 judged equal (leftward bias); +2 = right segment of lines 2 and 3 judged longer
(rightward bias); −2 = left segment of lines 4 and 5 judged longer (leftward bias).
match the first VP deactivation in order to reverse ne-
glect [30,31,34]; deactivation of nearby contralateral
regions does not reinstate orienting performance.
According to the interhemispheric competitive cir-
cuits theory, proposed as a basic mechanism involved
in standard processes of spatial attention, one mecha-
nism underlying neglect may be the unbalanced activ-
ity of the two sides of the brain caused by the unilateral
damage. If that is so, the reversal of cortical-lesion
induced neglect has to be linked to the process of dis-
inhibition triggered by deactivation of some part of the
contralesional side of the brain.
2.4. TMS
TMS is a safe technique able to produce focal, tran-
sient disruption of cortical function in normal humans
during the performance of cognitive tasks. Because of
its ability to induce a localized ‘reversible lesion’ [68],
TMS has been used to clarify the role of a particular
brain region in accomplishing a specific behavioural
task [44,45], and is therefore becoming a major tool
for cognitive neuroscience. As a “virtual lesion” tech-
nique, TMS represents an ideal tool for investigating
models of visuo-spatial attentive mechanisms.
In a recent study [14] we investigated whether TMS
could induce a transitory lesion of the parietal cortex
leading to temporary contralateral neglect in normal
subjects performing a computerized visuospatial task.
For this purpose, we used repetitive TMS (rTMS) at
rapid rate of stimulation necessary to interrupt higher-
order processes involving a network of distributed cor-
tical regions [42,43]. We examined the subject’s per-
formance, in a baseline (non-TMS) condition and dur-
ing rTMS, using a line length judgment task. The sub-
ject’s task was to judge whether or not a short vertical
bar divided a horizontal line into two segments of equal
length.
Object-centred (allocentric) spatial judgements have
been studied in at least three experiments [15,17,69]
concerned with line bisection. A meta-analysis of
the main activations detected in the right hemisphere
showed a prevalent activation of the most dorsal part
of area 40 in the inferior parietal lobule and the intra-
parietal sulcus. rTMS was therefore performed on two
different sites on the scalp, over the right and left pos-
terior parietal areas at locations P5 and P6 (according
to the 10/20 EEG system). By means of an MRI scan
(Fig. 1), this site was found to be localized posterior to
the intraparietal sulcus [40].
Each stimulus train (10 stimuli at 25 Hz frequency)
lasted for 400 ms and started synchronously with the
appearance of visual stimuli presented on the monitor
for 50 ms. Five lines were presented, differing in the
position of the transector (at midpoint, rightward or
leftward) and in the overall length of the line and of its
right and left segments (Fig. 2). After stimulus presen-
tation the subject made a forced-choice decision about
the respective length of the two segments with three
response possibilities: equal, longer right or longer left.
Transient disruption of the parietal cortex induced in
normal subjects by rTMS was found to affect visuo-
spatial behaviour, the effect being side-specific: a right-
ward bias counteracting physiological pseudoneglect
in the execution of the experimental task was induced
by right-parietal rTMS, while left-parietal stimulation
failed to significantly affect the subjects’ performance
with respect to baseline and sham-rTMS conditions
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Fig. 3. Mean line length judgement score (+/− 1 SE) as a function of the five stimulation conditions. Positive upward deflections indicate
rightward bias, negative ones leftward bias. (Right-parietal TMS vs. left-parietal, right sham, left sham and baseline (non-TMS) conditions:
p < 0.01). Reprinted from Neuroreport 2000; 11:1519–1521. by Fierro et al. with permission from Lippincott William &Wilkins.
(Fig. 3). The evident interhemispheric asymmetry of
our findings closely matched the higher frequency and
greater severity of contralesional spatial neglect fol-
lowing right-hemisphere damage and gave further sup-
port to the idea of non-identical anatomo-dysfunctional
mechanisms underlying neglect and extinction [65].
2.5. Treatments
Hemispatial neglect is a common disabling condition
following unilateral brain damage. Although hemispa-
tial neglect can be caused by various different patho-
logical conditions, it is most often observed after cere-
bral infarction or haemorrhage and acutely affects up
to two-thirds of right hemisphere stroke patients [7,60].
About two-thirds of patients with either a left- or right-
hemisphere stroke suffer from neglect when assessed
within three days of being admitted to hospital. Many
patients improve within a few weeks, but some who
continue to show persistent neglect are likely to require
rehabilitative treatment.
2.6. Conventional approaches
There is no established treatment for neglect. Cur-
rent behavioural, sensorial and pharmacological treat-
ments for neglect that have targeted the spatially later-
alized deficit have been singularly unsuccessful. The
majority of behavioural therapies attempt to shift and
expand internal representations towards the neglected
side [7,8,50]. However, efforts to improve visuospatial
neglect by getting patients to track stimuli towards their
neglected side may improve behaviour on a particular
paradigm, but the improvements have repeatedly failed
to generalize to everyday settings.
A variety of sensory stimulations – caloric, vestibu-
lar [6,56] and optokinetic [23], and different kind
of modulations including transcutaneous mechanical
vibration [21,57] and electrical stimulation of the
neck [66], contralesional limb activation [51], trunk
rotation [22] and adaptation to visually displacing
prisms [54] – have been used to improve such manifes-
tations of neglect.The experimental rationale of these
approaches is based on the hypothesis that spatial repre-
sentations are built up through the convergence and in-
tegration of different afferent inputs as visual, vestibu-
lar, and proprioceptive-somatosensory stimuli [2,3].
In addition, potent sensory stimulation and training
regimes serve to increase signal levels in the damaged
hemisphere and to redress, at least partially, the balance
of activities on the two sides of the brain [16,22,38,52,
54–56,62].
Although these techniques are of some theoretical
interest, their main value lies in the promise that in-
terventional strategies can attenuate the severity of ne-
glect. However, the short duration of their effects, to-
gether with the discomfort of application in some cases,
renders them impractical as a basis for rehabilitation.
2.7. Future strategies by TMS
Experimental unilateral lesions, like cooling deacti-
vations in animals [29,31] or TMS interference in hu-
mans [14], introduce a baseline hemispheric bias that
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Fig. 4. Mean line length judgements (±1 SE) in hemineglect patients for the visuospatial task as a function of the various stimulation conditions.
Positive upward deflections indicate rightward bias, negative ones leftward bias. (Parietal rTMS vs. baseline p < 0.0001; vs. sham rTMS
p < 0.0001). Performance of the subjects on each trial was scored assigning a value of 0 to correct responses, positive values to “ipsilesional”
errors, and negative values to “contralesional” errors. Reprinted from Neurology. 2001; 57:1338–1340 by Oliveri et al. with permission from
Lippincott William & Wilkins.
 
 
Fig. 5. Mean line length judgement scores (±1 SE) in hemineglect patients for the visuospatial task as a function of the different evaluation times.
Time 1: 15 days before treatment; Time 2: at the beginning of the treatment; Time 3: at the end of the treatment; Time 4: 15 days after. (Time 3
and 4 vs. 1 and 2: p < 0.0005). Positive upward deflections indicate rightward bias, negative ones leftward bias. Reprinted from Neurosci Lett.
2003; 336:131–133 by Brighina et al. with permission from Lippincott William & Wilkins.
disturbs the balance of activity in favour of the intact
hemisphere. When one hemisphere is lesioned, homol-
ogous regions of the opposite hemisphere, which nor-
mally receive inhibitory projections from the damaged
one, become relatively disinhibited and generate an un-
opposed orienting response towards the side of the le-
sion. The resulting attentional bias towards the ipsile-
sional side of space subserved by the intact hemisphere
would account, at least in part, for contralesional space
perception deficits [26].
It was therefore reasonable to suppose that the un-
balance of hemispheric activity due to unilateral brain
damage in neglected patients could be temporarily re-
duced by TMS-interference with the post-lesional pre-
vailing activity of the undamaged hemisphere. The ob-
servation by Vuilleumier et al. [67] in humans that a
second, natural lesion in the hemisphere opposite to the
original lesion attenuates neglect is remarkably consis-
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Fig. 6. Clock drawing of a patient before (a) and 15 days after the
end of TMS treatment (b). Reprinted from Neurosci Lett. 2003;
336:131–133 by Brighina et al. with permission from Lippincott
William & Wilkins.
tent with this view.
With this aim we tested the effects of rTMS delivered
over the unaffected hemisphere on neglect behaviour
in a group of unilaterally brain-damaged patients [40].
Assessment of visuospatial hemineglect was made us-
ing a line’s length judgment task before and during
rTMS train. Details of rTMS parameters and visual
stimuli are given above.
During parietal rTMS of the unaffected hemisphere
there was an improvement in the subjects’ performance,
documented by a reduced ipsilesional attentional bias
(Fig. 4). Results of the study showed that transient
disruption of parietal regions of the unaffected hemi-
sphere, induced by focal rTMS, can temporarily re-
duce contralesional visuospatial deficits both in right-
brain-damaged and in left-brain-damaged patients with
contralesional neglect.
This evidence supports the view that the dysfunction
underlying visuospatial neglect involves a relative hy-
peractivity of the unaffected hemisphere due to release
from reciprocal inhibition by its twin [26,41]. The tran-
sient rTMS-induced disruption of the unaffected hemi-
sphere is likely to have counteracted this tonic hemi-
spheric imbalance due to the unilateral lesion.However,
in this study, the positive effect on visuo-spatial perfor-
mance seemed to be limited to the duration of the rTMS
train. It might therefore be worth exploring whether
different magnetic stimulation parameters are able to
induce long-lasting improvement of contralesional ne-
glect, opening up new possibilities in the rehabilita-
tion of patients with unilateral neglect. Low-frequency
rTMS has been shown to induce lasting reduction of
cortical excitability [5,11,19] and on this basis it has
been successfully employed in the treatment of neuro-
logical [61] and psychiatric diseases [27].
In a recent study [10] we investigated whether the
symptomatology of visuospatial neglect could bene-
fit from application of low-frequency rTMS treatment
over the unaffected hemisphere in patients with a right-
sided brain lesion. The experimental schedule con-
sisted of seven rTMS sessions delivered every other
day for two consecutive weeks. Each session con-
sisted of one train of 900 pulses delivered at 90% of
motor threshold (MT) from a Cadwell repetitive mag-
netic stimulator by means of a water-cooled focal eight-
shaped coil placed over P5. The study period ranged
between two weeks before and two weeks after the
rTMS treatment.
Improvement of visuospatial performance assessed
by the computerized task requiring length judgment
of pre-bisected lines [14] was observed at the end of
the treatment and remained unchanged 15 days after
(Fig. 5). The improvement was also demonstrated by
clock drawing (Fig. 6) and the line bisection task. Our
results are consistent with the idea that a long-lasting
depression of left parietal cortex excitability may im-
prove attention to ipsilateral hemispace reducing con-
tralateral visuospatial neglect in right-brain damaged
patients. The inhibition induced at the site of stim-
ulation reduces the relative hyperactivity of the unaf-
fected hemisphere that would be part of the underlying
physiology of the neglect.
Even considering the limitations of the study (small
number of patients, short follow-up period) the effects
observed, still present fifteen days after the end of
the treatment, allow the possibility that low-frequency
rTMS, as a non-invasive method, might represent a
complementary rehabilitative treatment in visuospatial
neglect. The full potential for such treatment has yet to
be tested, but our studies suggest this may be a promis-
ing avenue in the near future.
References
[1] R.D. Adams, M. Victor and A.H. Ropper eds, Principles of
neurology, 6th ed., McGraw-Hill, New York, 1997.
[2] R.A. Andersen, L.H. Snyder, D.C. Bradley and J. Xing, Mul-
timodal representation of space in the posterior parietal cortex
and its use in planning movements, Annu Rev Neurosci 20
(1997), 303–330.
[3] R.A. Andersen, L.H. Snyder, C.S. Li and B. Stricanne, Co-
ordinate transformations in the representation of spatial infor-
mation, Curr Opin Neurobiol 3 (1993), 171–176.
[4] E. Bisiach and G. Vallar, Unilateral Neglect in humans, in:
Handbook of Neuropsychology, F. Boller, J. Grafman and G.
Rizzolatti, eds, 2nd ed., Elsevier, Amsterdam, 2000, pp. 459–
502
[5] B.Boroojerdi, A. Prager, W. Muellbacher and L.G. Cohen, Re-
duction of human visual cortex excitability using 1 Hz tran-
scranial magnetic stimulation, Neurology 54 (2000), 1529–
1531.
B. Fierro et al. / Improving neglect by TMS 175
[6] G. Bottini, E. Paulesu, R. Sterzi, E. Warburton, R.J. Wise,
G. Vallar, R.S. Frackowiak and C.D. Frith, Modulation of
conscious experience by peripheral sensory stimuli, Nature
376 (1995), 778–781.
[7] A. Bowen, K. McKenna and R.C. Tallis, Reasons for vari-
ability in the reported rate of occurrence of unilateral spatial
neglect after stroke, Stroke 30 (1999), 1196–1202.
[8] A. Bowen, N.B. Lincoln and M.E. Dewey, Spatial neglect: is
rehabilitation effective? Stroke 33 (2002), 2728–2729.
[9] W.R. Brain, Visual disorientation with special referenceto le-
sions opf the right cerebral hemisphere, Brain 64 (1941), 244–
272.
[10] F. Brighina, E. Bisiach, M. Oliveri, A. Piazza, V. La Bua, O.
Daniele and B. Fierro, 1 Hz repetitive transcranial magnetic
stimulation of the unaffeceted hemisphere ameliorates con-
tralesional visuo-spatial neglect in humans, Neurosci Lett 336
(2003), 131–133.
[11] R. Chen, J. Classen, C. Gerloff, P. Celnik, E.M. Wassermann,
M. Hallett and L.G. Cohen, Depression of motor cortex ex-
citability by low-frequency transcranial magneticstimulation,
Neurology 48 (1997), 1398–1403.
[12] M. Critchley, The parietal lobe, New York, Hafner, 1953.
[13] E. De Renzi, Disorders of space exploration and cognition,
Wiley, 1982, Chichester, UK, 1982.
[14] B. Fierro, F. Brighina, M. Oliveri, A. Piazza, V. La Bua,
D. Buffa and E. Bisiach, Contralateral neglect induced by
right posterior parietal rTMS in healthy subjects, Neuroreport
15(11) (2000), 1519–1521.
[15] G.R. Fink, J.C. Marshall, N.J. Shah, P.H. Weiss, P.W. Halligan,
M. Grosse-Ruyken, K. Ziemons, K. Zilles and H.J. Freund,
Line bisection judgments implicate right parietal cortex and
cerebellum as assessed by fMRI, Neurology 54 (2000), 1324–
1331.
[16] F. Frassinetti, V. Angeli, F. Meneghello, S. Avanzi and E.
Ladavas, Long-lasting amelioration of visuospatial neglect by
prism adaptation, Brain 125 (2002), 608–623.
[17] G. Galati, E. Lobel, G. Vallar, A. Berthoz, L. Pizzamiglio and
D. Le Bihan, The neural basis of egocentric and allocentric
coding of space in humans: a functional magnetic resonance
study, Exp Brain Res 133 (2000), 156–164.
[18] P.W. Halligan and J.C. Marshall, Left visuospatial neglect: a
meaningless entity? Cortex 28 (1998), 523–535.
[19] C.C. Hilgetag, H. Theoret and A. Pascual-Leone, Enhanced
visual spatial attention ipsilateral to rTMS induced ‘virtual
lesion’ of human parietal cortex, Nat. Neurosci. 4 (2001),
953–957.
[20] B.C.O. Jewsbury, Parietal lobe syndromes, in: Handbook of
clinical neurology, P.J. Vinken and G.W. Bruyn, eds, Amster-
dam: Noth Holland, 1969, pp. 680–699.
[21] H.O. Karnath, Transcutaneous electrical stimulation and vi-
bration of neck muscles in neglect, Exp Brain Res 105 (1995),
321–324.
[22] H.O. Karnath, P. Schenkel and B. Fischer, Trunk orientation as
the determining factor of the ‘contralateral’ deficit in the ne-
glect syndrome and as the physical anchor of the internal rep-
resentation of body orientation in space, Brain 114(1) (1991),
1997–2014.
[23] G. Kerkhoff, Spatial hemineglect in humans, Prog Neurobiol
63 (2001), 1–27.
[24] A. Kertesz and S. Dobrowski, Right-hemisphere deficits, le-
sion size and location, J Clin Neuropsychol 3 (1981), 283–299.
[25] M. Kinsbourne, Lateral interactions in the brain, in: Hemi-
spheric disconnection and cerebral function, M. Kinsbourne
and W. Smith, eds, CC Thomas, Springfield, IL, 1974,
pp. 239–259M.
[26] M. Kinsbourne, Hemi-neglect and hemisphere rivalry, in:
Hemi-inattention and hemisphere specialization, (Vol. 18),
E.A. Weinstein and R.P. Friedland, eds, Advances in Neurol-
ogy, Raven Press, New York, 1977, pp. 41–49.
[27] E. Klein, Y. Kolsky, M. Puyerovsky, D. Koren, A. Chistyakov
and M. Feinsod, Right prefrontal slow repetitive transcranial
magnetic stimulation in schizophrenia: a double blind sham-
controlled pilot study, Biol. Psychiatry 46 (1999), 1451–1454.
[28] F.S. Leibovitch, S.E. Black and C.B. Caldwell, Brain-
behaviour correlations in hemispatial neglect using CT and
SPECT: the Sunnybrook Stroke Study, Neurology 50 (1998),
901–908.
[29] S.G. Lomber and B.R. Payne, Removal of two halves restores
the whole: reversal of visual hemineglect during bilateral
cortical or collicular inactivation in the cat, Vis Neurosci 13
(1996), 1143–1156.
[30] S.G. Lomber and B.R. Payne, Contributions of cat posterior
parietal cortex to visuospatial discrimination, Vis Neurosci 17
(2000), 701–709.
[31] S.G. Lomber and B.R. Payne, Task-specific reversal of visual
hemineglect following bilateral reversible deactivation of pos-
terior parietal cortex: a comparison with deactivation of the
superior colliculus, Vis Neurosci 18 (2001), 487–399.
[32] S.G. Lomber, B.R. Payne and P. Cornwell, Role of the supe-
rior colliculus in analyses of space: superficial and intermedi-
ate layer contributions to visual orienting, auditory orienting,
and visuospatial discriminations during unilateral and bilateral
deactivations, J Comp Neurol 441 (2001), 44–57.
[33] S.G. Lomber, B.R. Payne, C.C. Hilgetag and R.J. Rushmore,
Restoration of visual orienting into a cortically blind hemifield
by deactivation of posterior parietal cortex or the superior
colliculus, Exp Brain Res 142 (2002), 463–474.
[34] S.G. Lomber, B.R. Payne and J.A. Horel, The cryoloop: an
adaptable reversible cooling deactivation method for behav-
ioral and electrophysiological assessment of neural function,
J Neurosi Methods 86 (1999), 179–194.
[35] J.C. Lynch and J.W. McLaren, Deficits of visual attention
and saccadic eye movements after lesions of parietooccipital
cortex in monkeys, J Neurophysiol 61 (1989), 74–90.
[36] M.E. McCourt and G. Jewell, Visuospatial attention in line
bisection: stimulus modulation of pseudoneglect, Neuropsy-
chologia 37 (1999), 843–855.
[37] M.M. Mesulam, Functional anatomy of attention and neglect:
from neurons to networks, in: The cognitive and neural basis
of spatial neglect, H.O. Karnath, A.D. Milner and G. Vallar,
eds, Oxford University Press, Oxford, 2000, pp. 33–45.
[38] C. Michel, L. Pisella, P.W. Halligan, J. Luaute, G. Rode, D.
Boisson and Y. Rossetti, Simulating unilateral neglect in nor-
mals using prism adaptation: implications for theory, Neu-
ropsychologia 41 (2003), 25–39.
[39] J.A. Ogden, The neglected left hemisphere and its contribu-
tion to visuo-spatial neglect, in: Neurophysiological and neu-
ropsychological aspects of spatial neglect, M. Jeannerod, ed,
Amsterdam, North Holland, 1987, pp. 215–233.
[40] M. Oliveri, E. Bisiach, F. Brighina, A. Piazza, V. La Bua,
D. Buffa and B. Fierro, rTMS of the unaffected hemisphere
transiently reduces contralesional visuospatial hemineglect,
Neurology 57 (2001), 1338–1340.
[41] M. Oliveri, P.M. Rossini, R. Traversa, P. Cicinelli, M.M. Fil-
ippi, P. Pasqualetti, F. Tomaiuolo and C. Caltagirone, Left
frontal transcranial magnetic stimulation reduces contrale-
176 B. Fierro et al. / Improving neglect by TMS
sional extinction in patients with unilateral right brain damage,
Brain 122 (1999), 1731–1739.
[42] A. Pascual-Leone, J.R. Gates and A. Dhuna, Induction of
speech arrest and counting errors with rapid-rate transcranial
magnetic stimulation, Neurology 41 (1991), 697–702.
[43] A. Pascual-Leone, E. Gomez-Tortosa, J. Grafman, D. Alway,
P. Nichelli and M. Hallett, Induction of visual extinction by
rapid-rate transcranial magnetic stimulation of parietal lobe,
Neurology 44 (1994), 494–498.
[44] A. Pascual -Leone, J.M. Tormos, J. Keenan and M.D. Catala,
Study and modulation of cortical excitability by repetitive
transcranial magnetic stimulation, J. Clin. Neurophysiol. 15
(1998), 333–343.
[45] A. Pascual-Leone, E. Wassermann, N. Davey, J. Rothwell and
B.K. Puri, Handbook of transcranial magnetic stimulation,
Oxford University Press, 2002, Oxford.
[46] B.R. Payne, S.G. Lomber, R.J. Rushmore and A. Pascual-
Leone, Cancellation of visuoparietal lesion-induced spatial
neglect, Exp Brain Res 150 (2003), 395–398.
[47] B.R. Payne and R.J. Rushmore, The special relationship be-
tween β retinal ganglion cells and primary visual cortex, in:
The cat primary visual cortex, B.R. Payne and A. Peters, eds,
Academic Press, San Diego, 2002, pp. 561–608.
[48] B.R. Payne and R.J. Rushmore, Functional circuitry underly-
ing natural and interventional cancellation of visual neglect,
Exp Brain Res 154 (2004), 127–153.
[49] M.T. Perenin, Optic ataxia and unilateral neglect: clinical
evidence for dissociate spatial functions in posterior parietal
cortex, in: Parietal lobe contribution to orientation in 3D
space, P. Their and H.O. Karnath, eds, Springer-Verlag, 1997,
pp. 289–308.
[50] S.R. Pierce and L.J. Buxbaum, Treatments of unilateral ne-
glect: a review, Arch Phys Med Rehabil 83 (2002), 256–268.
[51] I.H. Robertson and N. North, Active and passive activation of
left limbs: influence on visual and sensory neglect, Neuropsy-
chologia 31 (1993), 293–300.
[52] I.H. Robertson, R. Tegner, K. Tham, A. Lo and I. Nimmo-
Smith, Sustained attention training for unilateral neglect: the-
oretical and rehabilitation implications, J Clin Exp Neuropsy-
chol 17 (1995), 416–430.
[53] A.C. Rosenquist, V.M. Ciaramitaro, J.S. Durmer, S.F. Wallace
and W.E. Todd, Ibotenic acid lesions of the superior colliculus
produce longer lasting deficits in visual orienting behavior
than aspiration lesions in the cat, Prog Brain Res 12 (1996),
117–130.
[54] Y. Rossetti, G. Rode, L. Pisella, A. Farne, L. Li, D. Boisson and
M.T. Perenin, Prism adaptation to a rightward optical deviation
rehabilitates left hemispatial neglect, Nature 10(395) (1998),
166–169.
[55] P.W. Rossi, S. Kheyfets and M.J. Reding, Fresnel prisms im-
prove visual perception in stroke patients with homonymous
hemianopia or unilateral visual neglect, Neurology 40 (1990),
1597–1599.
[56] A.B. Rubens, Caloric stimulation and unilateral visual neglect,
Neurology 35 (1985), 1019–1024.
[57] I. Schindler, G. Kerkhoff, H.O. Karnath, I. Keller and G.
Goldenberg, Neck muscle vibration induces lasting recovery
in spatial neglect, J Neurol Neurosurg Psychiatry 73 (2002),
412–419.
[58] H.M. Sinnamon and E.J. Garcia, Lateral neglect in a head
movement task: more impairment with unilateral than bilateral
lesions of the superior colliculus, Behav Brain Res 27 (1988),
131–143.
[59] J.M. Sprague, Interaction of cortex and superior colliculus in
mediation of visually guided behavior in the cat, Science 153
(1966), 1544–1547.
[60] S.P. Stone, B. Wilson, A. Wroot, P.W. Halligan, L.S. Lange,
J.C. Marshall and R.J. Greenwood, The assessment of visuo-
spatial neglect after acute stroke, J Neurol Neurosurg Psychi-
atry 54 (1991), 345–350.
[61] F. Tergau, U. Naumann, W. Paulus and B.J. Steinhoff, Low-
frequency repetitive transcranial magnetic stimulation im-
proves intractable epilepsy, Lancet 353 (1999), 2209.
[62] G. Vallar, Spatial frames of reference and somatosensory pro-
cessing: a neuropsychological perspective, Philos Trans R Soc
Lond B Biol Sci 352 (1997), 1401–1409.
[63] G. Vallar and D. Perani, The anatomy of unilateral neglect after
right hemisphere stroke lesions. A clinical CT/scan correlation
study in man, Neuropsychologia 24 (1986), 609–622.
[64] G. Vallar and D. Perani, The anatomy of spatial neglect in
humans, in: Neurophysiological and neuropsychological as-
pects of spatial neglect, M. Jeannerod, ed, Amsterdam, North
Holland, 1987, pp. 235–258.
[65] G. Vallar, M.L. Rusconi, L. Bignamini, G. Geminiani and D.
Perani, Anatomical correlates of visual and tactile extinction
in humans: a clinical CT scan study, J Neurol Neurosurg
Psychiatry 57 (1994), 464–470.
[66] G. Vallar, M.L. Rusconi, S. Barozzi, B. Bernardini, D. Ovadia,
C. Papagno and A. Cesarani, Improvement of left visuo-spatial
hemineglect by left-sided transcutaneous electrical stimula-
tion, Neuropsychologia 33 (1995), 73–82.
[67] P. Vuilleumier, D. Hester, G. Assal and F. Regli, Unilateral
spatial neglect recovery after sequential strokes, Neurology 46
(1996), 184–189.
[68] V. Walsh and A. Cowey, Magnetic stimulation studies of visual
cognition, Trends Cogn Neurosci 2 (1998), 103–110.
[69] P.H. Weiss, J.C. Marshall, G. Wunderlich, L. Tellmann, P.W.
Halligan, H.J. Freund, K. Zilles and G.R. Fink, Neural con-
sequences of acting in near versus far space: a physiological
basis for clinical dissociations, Brain 12 (2000), 2531–2541.
